BACKGROUND: Annual surveillance mammography is recommended after a diagnosis of breast cancer. Previous studies have suggested that surveillance mammography varies by demographics and initial tumor characteristics, which are related to an individual's access to health care. The Military Health System of the Department of Defense provides beneficiaries with equal access health care and thus offers an excellent opportunity to assess whether racial differences in surveillance mammography persist when access to care is equal. METHODS: Among female beneficiaries with a history of breast cancer, logistic regression was used to assess racial=ethnic variations in the use of surveillance mammography during 3 periods of 12 months each, beginning 1 year after diagnosis adjusting for demographic, tumor, and health characteristics. RESULTS: The rate of overall surveillance mammography decreased from 70% during the first year to 59% during the third year (P <.01). Although there was an overall tendency for surveillance mammography to be higher among minority women compared with non-Hispanic white women, after adjusting for covariates, the difference was found to be significant only during the first year among black women (odds ratio [OR], 1.46; 95% confidence interval [95% CI], 1.10-1.95) and the second year among Asian=Pacific Islander (OR, 2.29; 95%CI, 1.52-3.44) and Hispanic (OR, 1.92; 95%CI, 1.17-3.18) women. When stratified by age at diagnosis and type of breast cancer surgery performed, significant racial differences tended to be observed among younger women (aged < 50 years) and only among women who had undergone mastectomies. CONCLUSIONS: Minority women were equally or more likely than non-Hispanic white women to receive surveillance mammography within the Military Health System. The racial disparities in surveillance mammography reported in other studies were not observed in a system with equal access to health care. Cancer 2013;119:3531-38.
INTRODUCTION
Although female breast cancer is the most common cancer among women in the United States and the second most common cause of cancer death, the overall 5-year relative survival rate is high (89%). 1 Thus, there are more than 2.7 million women currently alive in the United States with a history of breast cancer, 2 all of whom are at risk for disease recurrence and an increased risk of developing new primary tumors and ultimately breast cancer mortality. [3] [4] [5] [6] [7] Breast cancer mortality rates vary by race=ethnicity. It is interesting to note that overall age-adjusted mortality rates are higher among black women than white women, even though the reverse is true for overall age-adjusted incidence rates. 1 In addition, Asian=Pacific Islander (API) women and Hispanic women have lower mortality rates, as well as incidence rates, compared with non-Hispanic white women. 8 Racial=ethnic variations in mortality rates are likely due to multiple factors, possibly including differences in follow-up care.
Mammography is an effective screening tool used to diagnose breast cancer at early stages and its use is associated with lower breast cancer mortality rates. 9 Although the American Society of Clinical Oncology recommends annual surveillance mammography for all women with a history of breast cancer, 10 studies have indicated that a sizable percentage of these women do not receive adequate screening; that use decreases significantly with time since diagnosis; and that many factors, including demographics, tumor characteristics, and cancer treatment, affect use. [11] [12] [13] [14] [15] [16] Some of these studies 13, 15, 16 have found lower use among minority women compared with white=non-Hispanic white women. However, differential access to care by race=ethnicity in these previous studies may have confounded the racial comparisons. In addition, many of these previous studies were conducted among Medicare beneficiaries 11, 13, 15 or at least among predominately postmenopausal women, 12 and therefore may not be generalizable to younger women.
The Military Healthcare System (MHS) of the Department of Defense (DoD) provides a unique environment in which to conduct disparities research given that all DoD beneficiaries are provided equal access to health care. In addition, because the MHS is not restricted to women of a certain age, conducting research among its beneficiaries may provide insights into the behaviors of young women after a diagnosis of breast cancer. The objectives of the current study were 2-fold: 1) to determine whether annual surveillance mammography varied by race=ethnicity after adjustment for covariates among female DoD beneficiaries of any age with a history of breast cancer; and 2) to describe how annual surveillance mammography varied with time since diagnosis.
MATERIALS AND METHODS
Linked data from the DoD's Central Cancer Registry and the MHS Data Repository (MDR), the DoD's medical claims database, were used for the current study. The Central Cancer Registry contains information for all DoD patients with cancer who are diagnosed or treated at military treatment facilities (MTFs), including active duty and retired military personnel and their dependents. Duplicate records pertaining to the same tumor were consolidated following the North America Association of Central Cancer Registries guidelines. The MDR includes administrative and medical claims information from the DoD heath care program (known as TRICARE) beneficiaries, including direct care received at MTFs or indirect care received at non-MTFs that is paid for by the DoD. The MDR database includes information regarding clinical diagnoses of all medical conditions (which are coded using the International Classification of Diseases-Ninth Revision ) and diagnostic and treatment procedures (which are coded using ICD-9, Current Procedural Terminology [CPT] or Healthcare Common Procedure Coding System [HCPCS] codes). The current study began in 2005 because radiology records, which were the primary source of mammography documentation, became available that year.
Women were eligible for the study if they had surgically treated, histologically confirmed, first primary, malignant breast cancer diagnosed between 2005 and 2007 (the most recent years of the linked data). The racial= ethnic groups compared were non-Hispanic white, nonHispanic black ("black"), non-Hispanic API ("API"), and Hispanic (regardless of race). Annual surveillance mammography use was assessed by race=ethnicity for 3 periods of 12 months each that began 1 year after diagnosis. Analyses for each year were restricted to women who had complete follow-up data available for that year. Women were excluded if they left the MHS (year 1 n=17; year 2 n=455; year 3 n=595) or died (year 1 n=60; year 2 n=41; year 3 n=22) before or during each assessment year. Annual surveillance mammography is not recommended for women who have undergone bilateral mastectomies; therefore women were also excluded if there was an indication that they undergone bilateral mastectomies (concurrently or sequentially) before each assessment year (year 1 n= 133; year 2 n=22; year 3 n=12).
To minimize the possibility of counting diagnostic mammograms, a mammogram was considered to have been for surveillance if there was a recorded bilateral mammogram in the MDR among women who had undergone breast-conserving surgery (BCS) (CPT codes 76091, 76092, 77056, and 77057; HCPCS codes G0202 and G0203; and ICD-9 codes V76.10, V76.11, and V72.12) or a unilateral mammogram (CPT codes 76090 and 77055) among women who had undergone unilateral mastectomies and had no diagnosis of a breast mass or other breast symptoms (ICD-9 codes 611.72 and 611.79) within the preceding 2 months. In addition, the identified mammogram had to be conducted at least 6 months after a previous mammogram.
Hormone receptor status was considered positive if either estrogen receptor or progesterone receptor status was recorded as positive, negative if both estrogen receptor and progesterone receptor status was negative, and unknown if neither measure was recorded. Comorbidities were considered to be present if a diagnosis was recorded in the MDR during the 12 months before each assessment year. To minimize the possibility of false comorbidity diagnoses, codes had to be recorded in the outpatient data sets at least 3 times. The level of comorbidity present was categorized according to the Charlson Comorbidity
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Index 17 and breast cancer diagnoses were excluded from the calculation.
Statistical Analysis
Chi-square tests were used to compare demographics, initial breast cancer tumor characteristics, and cancer treatments between women who did and women who did not undergo surveillance mammography during each assessment year and to compare annual surveillance mammography use across the 3 years. Variables assessed included age at diagnosis, year of diagnosis, active duty status, beneficiary type (TRICARE Prime: health maintenance organization component=TRICARE non-Prime=unknown), marital status (married=not married, never married, separated, or divorced=status unknown), service branch, sponsor's service rank, tumor characteristics of the initial breast cancer (tumor stage, tumor grade, and hormone receptor status), cancer treatments (surgery=radiotherapy and chemotherapy), and Charlson Comorbidity Index. Logistic regression was used to assess receipt of annual surveillance mammography by race=ethnicity after adjustment for potential confounding by variables that were found to be significant for any year during univariate analysis, separately for the 3 years. Effect modification by age (< 50 years vs > 50 years) and type of breast cancer surgery were assessed by creating stratified regression models. All statistical analyses were performed using SAS statistical software (version 9.3; SAS Institute Inc, Cary, NC) and the 2-sided significance level was set at P < .05.
This project was approved by the Institutional Review Boards of the Walter Reed National Military Medical Center, TRICARE Management Activity, and the National Institutes of Health Office of Human Subjects Research.
RESULTS
Overall annual surveillance mammography decreased from 70% during the first year to 59% during the third year (P < .01) ( Table 1) . When stratified by race=ethnic-ity, the largest temporal decrease (-15%; P < .01) was observed among black women and the smallest temporal decrease (-7%; P > .05) was observed among API women.
During all 3 years, there was a tendency for annual surveillance mammography to be higher among minority women compared with non-Hispanic white women. During the first year, the receipt of annual surveillance mammography was found to be significantly higher among black women compared with non-Hispanic white women (odds ratio [OR], 1.46; 95% confidence interval [95% CI], 1.10-1.95) ( Table 2 ). During the second year, the receipt of annual surveillance mammography was found to be significantly higher only among API women (OR, 2.29; 95% CI, 1.52-3.44) and Hispanic women (OR, 1.92; 95% CI, 1.17-3.18) in comparison with nonHispanic white women. During the third year, no significant racial=ethnic differences were observed.
In addition to the observed racial=ethnic variations, annual surveillance mammography varied by covariates ( Table 2 ). The receipt of surveillance mammography tended to increase with age. In comparison with women aged 40 years to 49 years at the time of diagnosis, older women were more likely to have received annual surveillance mammography, with the highest levels appearing to be obtained by those who were aged 70 years to 79 years at the time of diagnosis. In comparison with patients who had an enlisted sponsor, those who had sponsors of "other=unknown" rank were less likely to receive annual surveillance mammography (OR, range 0.23-0.36). The combination of surgery type and radiotherapy appeared to be associated with receipt of annual surveillance mammography. For example, during the first assessment year, women who underwent BCS without radiotherapy and unilateral mastectomies with or without radiotherapy were less likely (OR, range 0.40-0.58) to receive annual surveillance mammography compared with women who had received BCS with radiotherapy. Finally, depending on the assessment year, there were indications that receipt of annual surveillance mammography varied by sponsor's duty status and beneficiary plan.
Effect modification of the relationship between raceethnicity and surveillance mammography was assessed by age and type of breast cancer surgery (Table 3) . When stratified by age, racial=ethnic variations tended to be observed among young women (aged < 50 years). During the first year, young black and API women (OR, 2.20 and 3.11, respectively) were more likely than their nonHispanic white counterparts to undergo a surveillance mammography. During the second year, young API and Hispanic women (OR, 5.31 and 2.44, respectively) were also more likely than their non-Hispanic white counterparts to undergo a surveillance mammography. An increased likelihood of surveillance mammography among older API women (OR, 1.61) in comparison with older non-Hispanic white women also was observed. When stratified by type of breast cancer surgery, significant racial=ethnic variations were observed only among women who underwent mastectomies and the tendency was for minority women to be more likely to receive surveillance mammography than non-Hispanic white women. 
DISCUSSION
In the current study, the rate of overall surveillance mammography decreased from 70% during the first year to 59% during the third year (P < .01). Although there was a tendency for surveillance mammography to be higher among minority women compared with non-Hispanic white women, after adjusting for covariates, the difference was found to be significant only during the first year among black women and during the second year among API and Hispanic women. Furthermore, variation in the receipt of annual surveillance mammography by raceethnicity tended to be confined to young women (aged < 50 years) and those who underwent mastectomies. Surveillance mammography also appeared to vary by sponsor's duty status, sponsor's service rank, and beneficiary plan.
In comparison with previous studies on surveillance mammography use based on medical claims data and=or abstraction of medical records, the overall rate of surveillance mammography that was observed in the current study was lower than that in some reports [12] [13] [14] [15] but higher than that in others. 11, 16 However, because of differences in study population characteristics, study calendar years, and the definition of surveillance mammography, it is difficult to know whether any of the differences observed among the studies are significant. For example, we excluded diagnostic mammograms in defining surveillance mammography. This may have resulted in lower estimates than previous studies that used less restrictive definitions of surveillance mammography. Therefore, caution should be taken when making comparisons with these previous studies. Caution should also be used when comparing the current findings with survey estimates 18 because surveys rely on participant self-report, which has been shown to overestimate actual mammography use. 19, 20 Contrary to previous studies, 13, 15, 16 we observed higher rather than lower surveillance mammography rates among minority women in comparison with nonHispanic white women. Given that the MHS provides equal access health care, it was hypothesized that surveillance mammography would be similar across racial=eth-nic groups; instead, we observed that minority groups, particularly API women, tended to be more likely than non-Hispanic white women to undergo surveillance mammography. Previous studies have indicated that having no health insurance and thus limited access to health care may be a greater barrier to obtaining mammography among API women than other minority women; [21] [22] [23] therefore, equal access health care in the current study may have been able to overcome the major obstacle to mammography among API women. It is also possible that API women may have developed closer relationships with their health care providers during cancer treatment because there have been indications that they are more likely to experience adverse effects of chemotherapy, 24 which likely results in closer follow-up during treatment and possibly after treatment. Previous cancer screening is a strong predictor of future screening; 22 therefore, given that the women in the later assessment years were included in the previous year(s), the relatively consistent finding of higher rates among API women across all 3 years may be due to the same women continuing screening adherence.
Although it is possible that incomplete mammography data may have affected the findings of the current study, it appears unlikely that completeness was differential by race=ethnicity and thus an explanation of the current study findings. If beneficiaries have other health insurance and seek care that is not paid for by the DoD, then there would be no record of this care in the MDR. Albeit not always significant, this may partially explain the lower use of surveillance mammography noted among women who did not have TRICARE Prime coverage (health maintenance organization component), assuming that women who have TRICARE Prime coverage are less likely to have other health insurance and thus have more complete data in the MDR. However, under this same assumption, incompleteness of mammography data does not appear to explain the observed racial=ethnic differences; during sensitivity analyses that were restricted to TRI-CARE Prime beneficiaries, similar racial=ethnic differences were observed (data not shown).
As in previous studies, we found that surveillance mammography was associated with other demographic, tumor, and health characteristics. In agreement with Geller et al, 14 we observed higher surveillance mammography use among older women in comparison with women aged 40 years to 49 years. However, we observed the highest use among women aged 70 years to 79 years as opposed to those aged 60 years to 69 years and we did not observe a significant decrease among the eldest age group (those aged 80 years), which had also been observed by others. 11, 13 Similar to previous findings, [11] [12] [13] [14] [15] we also observed differences by surgery=radiotherapy such that women who did not receive radiotherapy after BCS were less likely to undergo surveillance mammography, particularly during the first year. In contrast to previous Original Article studies, [11] [12] [13] [14] [15] we did not observe an inverse relationship between the receipt of surveillance mammography and tumor stage at the time of diagnosis. As in previous studies, [11] [12] [13] 15 we observed an indication that women with comorbidities were less likely to receive surveillance mammography, which may be, as others have hypothesized, 11, 15 an indication that these women and their providers were more concerned with other health issues. Finally, in agreement with previous studies, [11] [12] [13] 18 we observed that surveillance mammography declined with time since diagnosis.
The main strengths of the current study were that it allowed for the assessment of racial=ethnic disparities within an equal access health care system and allowed for the assessment of surveillance mammography across a wider age range than many previous studies. Another strength of this study was the ability to adjust for demographics, tumor characteristics, and comorbidities, which was made possible by combining cancer registry and medical administrative databases. Limitations of the study included those inherent to using medical administrative databases, which include coding inaccuracies. Another possible study limitation was the unavailability of data regarding possible confounders, including whether follow-up care was provided by a specialist (oncologist=radiologist), which has been associated with the increased use of surveillance mammography. 12, 13, 15, 25 However, unless minority women in the MHS are more likely to be seen by specialists than non-Hispanic white women, this is an unlikely explanation for our observations by race=ethnicity. Finally, because we did not have data available regarding the reason why a mammogram was conducted, some diagnostic mammograms may have been counted as surveillance but our classification scheme should have minimized this possibility.
Among women with equal access health care, minority women were found to be equally or more likely than non-Hispanic white women to receive surveillance mammography. The reasons for these findings are not clear. However, even with equal access health care, it is apparent that a large percentage of breast cancer survivors do not receive the recommended level of surveillance, particularly as time passes after diagnosis. Efforts should be made to educate breast cancer survivors and their health care providers on the importance of continued surveillance.
